High infrared-absorption films having low cost and light weight are indispensable for infrared sensors. We developed IR-adsorption coatings with low-reflectance and low-transmittance at wavelengths of 3-13 µm, based on a copper electroplating film pretreated with chemical etching and subsequent blackening. The chemical etching and blackening respectively produced columnar and feather-shaped structures on a copper surface. The reflectance and the transmittance of the films were below 15% and below 1% at wavelengths of 3-13 µm, respectively. The current coating technique might be useful to develop high absorption, low cost, and lightweight infrared absorbers.
Introduction
Infrared sensor technology provides information related to infrared light radiating from objects. Mainly thermal type and quantum type infrared sensors have been developed. Generally speaking, thermal type infrared sensors have wider wavelength range, smaller size, and lower cost, whereas quantum type infrared sensors have higher sensitivity and faster response. Moreover, thermal type infrared sensors are used at room temperature. In contrast, quantum-type infrared sensors require cooling because they are susceptible to thermal noise. Thermal type infrared sensors detect electric current, which varies according to the rising temperature of infrared absorbers detecting infrared rays. Gold black films deposited by vacuum evaporation under low pressure have been widely used as infrared absorbers. [1] [2] [3] [4] [5] Gold black films absorb infrared rays at over a 90% absorption rate. However, these are expensive, and have low adhesion and low mechanical strength. Moreover, the detection sensitivity of an infrared sensor with gold black films on membranes tends to be low, because the heavy weight of gold black films requires higher strength to membrane structure, leading to greater heat loss. To overcome these shortcomings, infrared absorbers with high infrared absorption, light weight and low cost have been investigated. Several materials such as carbon nanotubes, 6 carbon black, 7 graphite, 8 CrOx, 9 Ga-Si-O 10 and NiCr/SiN/NiCr 11 have been studied as infrared absorbers. CuO film absorbance was recently reported as approximately 50% at wavelengths of 0.4-1.0 µm. 12 This absorbance value is relatively high, furthermore CuO films are possible to be formed by low-cost fabrication method.
Herein, we propose formation of infrared absorption films by copper electroplating with chemical etching and subsequent blackening for infrared absorbers. We specifically examine the effect of copper surface morphology on optical properties in the infrared wavelength range.
Experimental
Infrared absorption films were formed by copper electroplating with chemical etching and subsequent blackening, as shown in Table 1 . The SiO 2 /Si substrates were dipped in 10% H 2 SO 4 , sensitized by SnCl 2 , and activated by PdCl 2 at room temperature, for 1 min, respectively. Electroless Ni-P platings as conductors were formed on the SiO 2 /Si substrates at 80°C for 20 min with the bath composition and conditions presented in Table 2 . The electroless Ni-P platings was approximately 0.5 µm thick. Copper films were electroplated on the electroless Ni-P platings at 65°C for 22 min 35 s. The bath composition for copper electroplating is presented in Table 3 . The copper electroplating thickness was approximately 5 µm. Next, the copper electroplated onto Ni-P plate was etched in H 2 SO 4 /H 2 O 2 solution at 60°C for 5 min. The etched copper electroplating thickness was approximately 2 µm. Then, the etched copper electroplating was blackened using NaClO 2 /NaOH solution at 70°C for 5 min. Our proposed formation for infrared-absorption film is less expensive than conventional methods, which require the use of high-cost gold as an infrared absorber. In addition, the weight of copper is less than that of gold. For comparison, conventional infrared absorption films based on electroless Ni-P platings were formed on electroless Ni-P films/SiO 2 /Si substrates.
The surface morphology of copper electroplating after chemical etching and subsequent blackening was evaluated using scanning electron microscopy (SEM). Then, the infrared transmittance and reflectance characteristics of copper electroplating with chemical etching and subsequent blackening were examined using Fourier transform-infrared spectrometer (FT-IR, NEXUS 670; Thermo Nicolet). The transmittance and the reflectance were measured respectively using silicon and gold as reference samples. The reflectance was ascertained using the reflection method.
Results and Discussion
A SEM micrograph of copper films electroplated on Ni-P layer electrolessplated with chemical etching is presented in Fig. 1(a) . Columnar structure with micrometer-order size was observed. Figure 1(b) shows a photograph of the film treated by blackening without chemical etching pretreatment. A feather-shaped structure is visible in the photograph. The size, which is approximately micrometer order to nanometer order, is nearly equal to the infrared ray wavelength. Moreover, a photograph of copper electroplating with chemical etching pretreatment and subsequent blackening is presented in Fig. 1(c) . The copper layer build by the assembly of a feather shaped particle with the length of 0.5 to 3 µm. Furthermore, these results show that the structure of copper electroplating films prepared in the current conditions has the features in the size range broadened from nanometer to 10's micrometers. This size range is within the wavelength range of the infrared light. The surface structure is formed by the following mechanism. In H 2 SO 4 /H 2 O 2 , CuO is formed by the reaction of copper and H 2 O 2 , moreover CuSO 4 is formed by the reaction of CuO and H 2 SO 4 . 13 The etching rate for {001} face of copper is higher than those for {111} and Electrochemistry, 82(9), 752-754 (2014)
14 The anisotropic etching produces columnar structure. Furthermore, CuO and Cu 2 O layers are formed by NaClO 2 /NaOH. The formation of CuO provides acicular precipitates, 15 The aggregation of these forms feather-shaped structure. The transmittance of copper electroplating films with chemical etching and blackening treatment was less than 1% for wavelengths of 3-13 µm, as presented in Fig. 2(a) . Moreover, the reflectance of the corresponding copper electroplating films was less than 15% at wavelengths of 3-13 µm, as presented in Fig. 2(b) . In contrast, the transmittance of conventional infrared absorption films based on electroless Ni-P plating was greater than 15% at wavelengths of 5-13 µm. These results indicate that copper electroplating films pretreated with chemical etching and the subsequent blackening are suitable for use as infrared absorbers because the surface morphology of copper electroplating has stacked, feather-shaped or columnar microstructures with nanometers to micrometers. These values are close to the infrared wavelength. The copper electroplating process proposed here is effective for infrared absorption coating.
Conclusions
Copper electroplating pretreated with chemical etching and the subsequent blackening produces low transmittance below 1% and reflectance lower than 15% at wavelengths of 3-13 µm. These features are attributed from the micrometer-order size surface morphology, revealing stacked feather-shaped and columnar microstructural features. The structure is produced simply by a sequence of copper electroplating, chemical etching, and blackening procedures. Copper electroplating with chemical etching and blackening is anticipated for application to high-sensitivity, low-cost and lightweight infrared absorbers for infrared sensors.
